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Introduction
American cutaneous leishmaniasis (ACL) is a parasitic protozoan disease caused by different species of the genus Leishmania that are widely distributed throughout Latin America [1] . At present, there are at least fifteen recognized species of Leishmania within the subgenera Leishmania, Viannia, and Mundinia that may give rise to ACL [2] . In Brazil, where seven of these species are found, Leishmnia (V.) braziliensis and Leishmania (L.) amazonensisshowthe highest pathogenic potential for humans, being responsible for a wide spectrum of disease, including: localized cutaneous leishmaniasis (LCL), borderline disseminated cutaneous leishmaniasis (BDCL), anergic diffuse cutaneous leishmaniasis (ADCL), and mucosal leishmaniasis (ML) [3] .
The immunopathogenesis of ACL has gained great interest due to the complex interactions of Leishmania species with human T-cell immune responses. There have been recent findings concerning the clinical-immunopathological spectrum of ACL caused by L.
(V.) braziliensis and L. (L.) amazonensis that have helped clarify the immunopathogenic capacities of those two Leishmania species. It has been shown that L. (V.) braziliensis and L. (L.) amazonensis may pro-
duce not only LCL (the most frequent form of the disease occupying the center of that spectrum, with moderate T-cell hypersensitivity), but principally ML andADCL, the most severe forms occupying the extreme pathogenicity poles of that spectrum; i.e., the highest and lowest T-cell hypersensitivity, respectively. Additionally, those Leishmania species may also produce BDCL, an intermediary form showing partial inhibition of T-cell hypersensitivity between the central LCL and the two polar forms, ML and ADCL, which can occupy both sides of that spectrum (i.e., BDCL may be produced either by L. (V.) spp. or L. (L.) spp.) [4] . It should also be noted that the immunopathogenic abilities of L. (V.) braziliensis and L. (L.) amazonensis have been confirmed in experimental BALB/c mice model-which have shown that those Leishmania species are able to modulate differential expressions of dendritic cells and T-cell immune responses [5] .
With regards to the immunopathology of ACL, there is recent evidence of the involvement of CD4 + (Th1, Th2, Th17 and Treg-Foxp3+CD4+CD25+) and CD8 + T-cell subset profiles, as well as some cytokines produced by those cells, such as, IFN-γ, IL-4, IL-10, and TGF-β, as well as iNOS expression over the entire clinical-immunopathological spectrum of the disease caused by L.
(V.) braziliensis and L. (L.) amazonensis.
In that respect, the pivotal role of CD4 + / Th1-type immune response associated to significant expression of CD8 + T-cells, IFN-γ, and iNOS should be emphasized in determining resistance against leishmanial infections. That is, in general, the immune response profile found in most clinical forms of ACL (LCL, BDCL and ML)-with exception of ADCL, which is characterized by a strong CD4 + /Th2-type immune response associated with low levels of CD8 + T-cells and high expression of IL-4, IL-10 and TGF-β cytokines. Treg(Foxp3)-cells were also detected at low to moderate levels in most clinical forms of ACL (LCL, BDCL and ML), but at higher levels in ADCL [6] .
The essential role of Toll-like receptors (TLRs) in the development of the innate and adaptive immune responses against different types of invasive microorganisms should not be forgotten. TLRs are transmembrane glycoproteins that lend high levels of specificity to innate immune responses by recognizing every type of invasive microorganism that may infect humans. TLRs are principally found either within the plasma membrane or within the internal membranes of macrophages, DCs, and NK cells. They may also be found, with lower expression, in T and B lymphocytes [7, 8] . Ten TLRs have so far been described in humans (TLR1-10) that can be separated into two groups, depending upon their localization within cells: i) TLR1, 2, 4, 5 and 6 encountered on the plasmatic surface, with intracellular protein domains of the TIR type (MyD88, TIRAP, TRIF and TRAM), and, ii) TLR3, 7, 8 and 9 that reside in internal membranes, such as lysosomes, but without specific extracellular domains; little is currently known about TLR10 [9] . Each TLR receptor has its own self-signaling pathway that promotes specific biological responses leading to the sensitization of genes involved in host defenses against microorganisms. Thus, after recognition of a specific antigen, TLRs trigger NF-κB to reach the nucleus, allowing the transcription and production of pro-inflammatory cytokines. This process usually requires the intervention of an adaptor protein having the TIR repeated domain, with MyD88 being the molecule most commonly used by TLRs (with exception of TLR3) [10] .
In terms of Leishmania sp. infections, there is in vitro and in vivo evidence demonstrating the crucial role of TLRs in the development of protective immune responses against those infections, and recent studies have largely concentrated on TLR2, 4, and 9 [11] . Additionally, the indispensable role ofMyD88 in the generation of protective immunity to L. (V.) braziliensis-infections in mice should be mentioned here, with TLR2 appearing to have a regulatory role during infection [12] . When TLR2 and 4 expressions were investigated in LCL caused by the same Leishmania species, however, a higher expression of TLR2 as compared to that of TLR4 was observed during the active disease (mainly in macrophages)-although without correlations with cytokine titers or number of cells [13] . The role of TLR2 was also examined in two different clinical forms of ACL (LCL and ADCL) caused by L. (L.) mexicana in Mexico [14, 15] -a parasite closely related to L. (L.) amazonensis in Brazil [4] . In the first approach, the ability of TLR2 ligands to restore the effector function of exhausted CD8 + T-cells from ADCL patients against L. (L.) mexicana-infected macrophages was demonstrated [14] . In the second approach, a higher down-regulation of the innate immune response-genes in NK cells from severe ADCL as compared to those from LCL, especially those related to TLR2 and JAK/STAT signaling pathways, was confirmed [15] . The role of TLR9 was also investigated in LCL due to L. (V.) braziliensis showing a strong association with granuloma in the dermis of cutaneous lesions of patients, principally in macrophage cells [16] . However, although TLR9 was associated with granuloma in the dermis of cutaneous lesions of patients with LCL caused by L. (V.) braziliensis, experiments with TLR9_/_mice infected with the same parasite species showed that TLR9 signaling is important for early control of lesion development and parasite burdens, but is dispensable for the differentiation of Th1 cells secreting IFN-γ [17] .
In other experiments regarding the roles of MyD88-or TLR9-dependent signaling pathways in mice infected by L. (V.) guyanensis, the principal role of both MyD88 and TLR9 in the development of Th1-dependent healing responses against L. (V.) guyanensis was demonstrated [18] . Thus, taking into account the above comments, we decided to investigate TLR2, 4, and 9 expressions over theentire clinical-immunopathological spectrum of ACL caused by L. 
Materials and methods

Study design
The Present study was of the cross-sectional type, in which we analyzed skin and/or mucosal samples ( 
Clinical samples
Biopsies of skin and mucosal lesions from 43 patients were examined: six cases of ADCL, five of BDCL, and eleven of LCL caused by L. (L.) amazonensis; ten cases of LCL, four of BDCL, and six of ML caused by L. (V.) braziliensis. Other data on age, gender, time and the type of lesion, and the DTH skin reaction of the patients are presented in Table 1 . Patients diagnosed parasitologically and/or immunologically (DTH) with ACL and treatment-naïve were selected for the present study. The patients were examined in the ambulatory of the "Prof. Dr. Ralph Lainson Leishmaniasis Laboratory" at the Evandro Chagas Institute (SVS-MS), Ananindeua, Pará State, Brazil, during the period between January/2012 and December/2015. All of the patients were submitted to clinical and laboratory evaluations for ACL diagnosis and all of the confirmed clinical cases received specific treatments for that disease. However, as all of the six ADCL patients had been unsuccessfully treated for more than ten years in our ambulatory, all had already experienced different therapeutic schemes with meglumine antimoniate, pentamidine isetionate, or Amphotericin B. All of the clinical and laboratory procedures to confirm ACL diagnosis were performed as described in earlier works [19, 20] .
Isolation and identification of L. (V.) braziliensis and L. (L.) amazonensis from cutaneous and mucosal lesions of the patients
The process for isolating Leishmania spp. from patients suffering from ACL was published previously [19, 20] . The characterization of Leishmania species was performed using PCR-RFLP 
Immunohistochemical analyses
Processing: A fragment of each biopsy was fixed in 10% neutral formaldehyde and embedded in paraffin. Histological sections (4 μm) were made and collected on biotinylated slides (SIGMA), diaphonized in two baths of cold xylene (20 and 10 minutes each), and then hydrated in a decreasing ethanol series (100%, 90%, 80% and 70%) lasting 2 min. each, being subsequently immersed in a pH 7.4 PBS (Phosphate Buffered Saline) solution for 5 min.
Immunohistochemical reactions
This process was undertaken following a previously described technique, with modifications. We used the same immunohistochemical protocol for the immunological markers in the present study, except for the TLRs, which were performed during differential steps designed for double marking (varying only in the primary antibody step, its dilution, and antigenic recuperation). We employed the labeled Streptavidin-biotin method, LSAB-HRP (Dako-Carpinteria, California, USA), in which a secondary biotinylated antibody reacts with various molecules of streptavidin conjugated to peroxidase [3, 24] . S1 Table lists the primary antibodies used, their codes, dilutions, and the treatments utilized for antigen exposition.
Immunohistochemical staining of CD4 and CD8 T-cells
Incubations of the histological sections against CD4 and CD8 T-cells diluted in PBS with 1% BSA overnight at 4˚C were performed under the same conditions described above for the primary antibodies (S1 Table) [3].
Immunostaining of TNF-α, IL-10 and TGF-βcytokines
After removing the paraffin, hydrating the tissue sections, blocking endogenous peroxidase, and antigen recuperation using 10 mM citrate buffer (pH 6.0), as described above, the slides were washed in distilled water for 5 min. and then in PBS buffer containing 0.1% saponin for 10 min., being subsequently washed in distilled water and PBS (pH 7.4) for 5 min. each. Nonspecific tissue proteins were then blocked by incubation in a 10% skimmed milk solution (Molico
1
, Nestle) for 30 min. at room temperature. The slides were subsequently incubated overnight (at 4˚C) with the primary antibodies anti-TNF-α, anti-IL-10, and anti-TGF-β diluted in 1% BSA. The application reaction was performed using a LSAB-HRP kit (DakoCarpinteria, California, USA), and the visualization reactions as well as subsequent steps were performed as previously described [24] . Double immunohistochemical staining for CD68 macrophages expressing TLR2, 4, and 9
Double immunohistochemical staining was used to verify the expression of TLR2, 4, and 9 on CD68+ macrophages. The protocol utilized for this reaction followed Tuon et al. [16] , with some adaptations. These reactions are based on the same steps as the conventional immunohistochemical reactions already described, with few modifications. To investigate CD68+ macrophages, antigen exposure was performed in a Pascal pan at 95˚C for 20 min. in 10 mM citrate buffer (pH 6.0). The slides were then maintained at room temperature for 20 min. followed by the immunohistochemical protocol and visualization with DAB.
After visualization, in a second step, the sections were washed in distilled water and PBS (pH 7.4) for 5 min. each, and then incubated with goat primary anti-TLR2 (SC 8689), anti-TLR4 (SC 8694), and anti-TLR9 (SC 13215) antibodies for 12 hours at 4˚C. The following step involved the exposure of the sections to the reagents of the LSAB + System-AP kit (DakoCarpinteria, California, USA, code K0689) conjugated with a ready-to-use polymer of alkaline phosphatase in a humid chamber for 30 min. at 37˚C. The slides were subsequently washed in PBS (pH 7.4) and the linkage sites visualized with Liquid Permanent Red(Dako-Carpinteria, California, USA, code K0640).
The sections were subsequently washed in distilled water and PBS, stained with hematoxylin Harris for proximately 1 min., washed in distilled water, dehydrated in an ethanol series (70%, 80%, 90%, and absolute), diaphonized in xylene, and left to dry at room temperature. The sections were then mounted in Entellan resin.
Determining cell immunostaining density
In analyzing the immunostaining of the different cell phenotypes and cells expressing cytokines, the brown staining of their cytoplasm was considered a positive identification. Double immunohistochemical staining considered macrophage cells showing brown staining with colocalized TLR stained red as demonstrating TLR expression [16] .
The immunostained cells were counted using an image analysis system (Axioskop 2 plus Zeiss) coupled to a microcomputer running the AxioVision 4.0 program. We photographed 10 fields of each histological section under a 40x objective, and the immunostained cells were counted using Imaje J software [25] . The mean numbers of marked cells per field were calculated and cell population densities were determined from the ratios of the marked cells per area (μm 
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Statistical analysis
The data were expressed as the means ± standard deviations. were performed using the Pearson correlation index. The results were considered significant when the probability of a significant error was less than 0.05 (p< 0.05). All of the statistical procedures were performed using Graph Pad Prism version 4.0 for Windows software (Graph Pad Software, San Diego, CA). Fig)-(Fig 2) . (Fig 3) .
Results
CD4
Analyses of macrophage (CD68 (Fig 4) . forms; no significant differences were observed (p> 0.05) between the latter two forms (LCLandML) (Fig 5) . Fig 7D) ; and, 5) TLR9
Comparison of macrophage (CD68
+ versus IL-10 + : a significant positive correlation was only seen in the MLform (r = 0.828 p = 0.04) (Fig 7E) .
Discussion
This is the first study undertaken in Brazil (more precisely, in the Brazilian Amazon) that analyzed the involvement of TLR2, 4, and 9 within the context of the entire clinical-immunopathological spectrum of ACL caused by the two Leishmania species with the greatest pathogenic potential for humans [ Toll-like receptors 2, 4, and 9 in American cutaneous leishmaniasis ), thus facilitating infection dissemination [3, 19] . This suggests that in individuals with less immunological competence (CD4 + /Th1<Th2) and/or who are overloaded with infectious metacyclic promastigotes forms, the parasite can escape from the protective immune response and multiply in an uncontrolled fashion and disseminates to other skin areas and/or the nasopharyngeal mucosa [4] .
L. (V.) braziliensis and L. (L.) amazonensis] and their relationship with
Based on the above comments, the generalization of the functional roles of some cytokines, such as the TNF-α + , must be considered with a certain caution as it is generally regarded as a pro-inflammatory cytokine with a pivotal role in macrophage activation and parasite control [37, 38] . In that respect, it should be mentioned that the use of TNF-α + antagonists in asymp- should be mentioned-for it indicates that the functional activity of that cytokine can be differentially influenced in the same clinical form (LCL) caused by different Leishmania species of the same subgenus [24] .
In considering the roles of TLR2, 4, and 9, it is important to stress that large numbers of papers related to the roles of RTLs in Leishmania-infection have been based on in vitro or experimental mouse models, using principally Old World Leishmania species such as L. While the current analysis yielded quite satisfactory results, an interesting and somewhat surprising finding must be noted that is related to the fact that the greatest cellular reactivity with the ML form in the clinical-immunopathological spectrum of ACL caused by L. (V.) braziliensis demonstrated the lowest expressions of TLR2, 4, and 9. This seems to reflect the characteristics of the predominantly lymphoplasmacytic cellular infiltrate present in that form of the disease, with wide numerical supremacy over the macrophages that serve as target cells to be double-marked by the immunohistochemistry of TLR2, 4, and 9 (CD68 +TLR2, 4, and 9). It is therefore possible that this immunohistochemical strategy may have been influenced the weak expression of those receptors in ML form of the disease. While that clinical form shows low TLR expression, a positive correlation between TLR4 and 9 with IL-10 + was noted, which corroborates the weak IL-10 + expression in the ML/L.b form-which, as was described above, is characterized by strong CD4 + /Th1-type immune response and significant IFN-γ and TNF-α expressions [3, 5, 6] . 
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